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Abstract: Climate aridization and increased anthropogenic pressure pose a severe threat to natural vegetation, including coastal plant
communities. Those located in river basins of the desert zone of Central Asia are among the most vulnerable. Of the variety of ecosystems
of the Ili-Balkhash region of Kazakhstan, forests dominated by a rare relict species Populus pruinosa Schrenk are of particular concern.
This species occupies a very narrow ecological niche associated with river banks of the arid zone, which makes it very vulnerable to
adverse natural and anthropogenic factors. The main objective of the research conducted was to fill the knowledge gap related to the
species diversity of plant communities with the participation of Populus pruinosa. Another goal was to compare the results with the
available data on the flora of similar communities from other Kazakh regions. The project has identified 98 plant species belonging to
34 families and 82 genera. Among them were four species of trees (4%), ten shrubs (10%), one species of lianas (1%), and the rest were
herbs among which annuals dominated (44 species, or 45%). The flora contained endemic species from the Southern Balkhash region:
Berberis iliensis, Rosa silverhielmii, Prangos arenaria, and Tulipa behmiana. Three species (Tulipa kolpakowskiana, Berberis iliensis,
and Populus pruinosa) were listed in the Red Book of Kazakhstan. A significant proportion of weeds (32%) indicated a high level of
anthropogenic impact on coastal communities (primarily unsystematic cattle grazing). When compared with similar plant communities
in Kazakhstan, the species composition was similar in terms of quality indicators, but different in its quantitative characteristics. The
results may be used for subsequent monitoring of ecosystems with the participation of Populus pruinosa in the Ili-Balkhash region.
Key words: Plant communities, Populus pruinosa Schrenk, projective cover, dominant species, local endemic, arid zone

1. Introduction
Kazakhstan occupies a vast territory containing a wide
variety of environmental conditions and covering over 2.7
million km2. Of all the environments and vegetation types,
desert and steppe occupy the largest areas. Kazakhstan
is a sparsely forested country with a forest cover of only
4.7%. As of 01.01.2018, the state forest fund of the country
is 29.8 million hectares, including 12.9 million hectares
of forest-covered lands, of which about 50% are occupied
by desert forests formed by Haloxylon aphyllum (Minkw.)
Iljin and Haloxylon persicum Bunge ex Boiss. & Buhse1. In
the southern regions of Kazakhstan, Tugai forests growing
in the floodplains of desert rivers are of particular value.
For many years, the forested area has been shrinking
under anthropogenic pressures including fires, timber
harvesting, and recreation; such pressures have also had
a negative effect on the state of the remaining vegetation.

Global warming and increasing anthropogenic pressure
pose a severe threat to coastal vegetation, especially in arid
climates. Such climates are typical of Central Asia, which
places the region among those most vulnerable to climate
change. In Kazakhstan, one of the territories that are
subject to desertification is the Ile-Balkhash region. This is
due to the changing hydrological regime in the floodplain
of the Ili River and the growing anthropogenic pressure
including unsystematic cattle grazing and fires. There are
fears that Lake Balkhash may substantially decrease in area
or even dry out. The Ili River Delta is severely degraded
due to water uptake along the rivers of the Ile-Balkhash
basin. Desertification has been the most pronounced in the
southwestern part of the delta (the Ili-Topar interfluve),
as well as along the Ili channel, in its estuary, and middle
parts (Starodubtsev and Truskavetskiy, 2011; Issanova et
al., 2014; Imentai et al., 2015; Thevs et al., 2017).

The Sixth National Report on Biological Diversity in the Republic of Kazakhstan (2018). Website https://www.cbd.int/doc/nr/nr-06/kz-nr-06-en.pdf
[accessed 12 September 2020].
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Forests of the Ili River floodplain perform important
ecological functions (water and soil protection, and
environment-forming). However, the environmental
instability makes coastal plant communities less resistant
to natural and human impact.
One of the indicators of the state of ecosystems is
biological diversity, primarily the species diversity of
plant communities. It is known that a plant community
is a combination of variously adapted species. The
characteristics of this combination reflect the plant
community environment and the relative prevalence
of different adaptations in the community. These
characteristics vary along the gradient of the medium
in directions that are usually explainable and, in some
cases, more or less predictable. Undisturbed communities
dominating the vegetation of a given territory most fully
reflect the climate features of this area (Whittaker, 1975).
Qualitative and quantitative indicators of the species make
it possible to assess the degree of anthropogenic impact,
take measures to reduce existing pressures, and affect
ecosystem stability (Hautier et al., 2015).
The main vegetation type in floodplains of desert
rivers, including the Ili River, is Tugai forest. Among these
are forests formed by Populus pruinosa Schrenk, an ancient
relict species. Earlier, Populus pruinosa was attributed to
the subgenus of desert poplars Turanga (Bunge) Dode.
(Kamelin, 1973), which is why the name “turanga”
was given to plant communities with the participation
of this species. According to the current taxonomic
treatment, Populus pruinosa belongs to the genus Populus
(Cherepanov, 1995). The Red Book of Kazakhstan (2014)
classified the species as endangered i.e. as a rare species the
numbers of which are declining2. According to The IUCN
Red List of Threatened Species (2007) and The Red List
of Trees of Central Asia (Eastwood et al., 2009), Populus
pruinosa belongs to the near threatened category.
The main aims of the research were (i) to study the
floristic composition of plant communities of southeastern
Kazakhstan associated with Populus pruinosa, and (ii) to
compare the results with the available data on the floristic
composition of the similar plant communities from other
regions of Kazakhstan.
We tested the hypothesis that the main environmental
factors influencing floristic composition and diversity
of plant communities with participation of Populus
pruinosa were hydrological regime, climate aridity, and
anthropogenic pressure. To enable comparison of our
results with those from other regions of Kazakhstan,
we used standard methodology commonly accepted by
Kazakh researchers.

2. Materials and methods
The following sections provide data on the morphology,
ecology, and distribution of Populus pruinosa, and also
describe the study area and outline the methods used by
the authors.
2.1. Study species
The object of our research was the sparse turanga
forests of the Ili River valley. In this valley, the impact of
anthropogenic factors on coastal ecosystems has been
most dramatic. Among these factors were changes in the
hydrological regime associated with the construction of
a dam in the late 1970s and the creation of an artificial
Kapchagai reservoir; cattle grazing; and recreational
pressure due to the proximity to Almaty, the largest
Kazakh metropolis.
Populus pruinosa belongs to the Afro-Asian poplars
of the family Salicaceae. This is a small tree, 10–15 m tall,
with a curved trunk and a spreading crown. The bark is
yellowish grey and deeply fissured. The leaves of adult
branches are kidney-shaped, dense, and bluish in color,
with a wavy solid edge; both leaves and petioles are velvety.
The tree blooms in April and bears fruit in May (Pavlov,
1960).
A characteristic biological feature of Populus pruinosa
is its high salt tolerance and a high capacity to produce root
offshoots. This species tolerates drought, low humidity,
high temperatures, high soil salinity, and the proximity of
highly saline groundwater. The leaves of Populus pruinosa
are well adapted to the delay of transpiration (Dickmann
and Kuzovkina, 2014). Despite its wide geographical
distribution, the species occupies a very narrow ecological
niche confined to riverbanks in arid regions (IUCN Red
List of Threatened Species, 2007). It grows in the desert
zone along river valleys on sands, in salt marshes, alone
or in sparse, often isolated groves, and is one of the forestforming species of Tugai (forests that grow along the
banks of perennial rivers in Central Asia). It is common
in Kazakhstan, Tajikistan, Turkmenistan, Uzbekistan,
Iran, Afghanistan, and Northwest China. The species can
be found in valleys of the largest rivers of Central Asia
and Kazakhstan including the Syr Darya, Amu Darya,
Ili, Murghab, and Tedzhen. The northernmost habitat
of the species is located far from the main range, in the
Astrakhan region of Russia (Laktionov et al., 2014); the
species has probably been inadvertently transported there
by railway. The northern border of the distribution area is
in Kazakhstan.
There is no precise data on the area of forests formed
by Populus pruinosa. Moreover, in Kazakhstan, forest
inventory does not distinguish Populus pruinosa from
Populus diversifolia.

IUCN Standards and Petitions Committee (2019). Guidelines for Using the IUCN Red List Categories and Criteria. Version 14. Prepared by the
Standards and Petitions Committee [online]. Website http://www.iucnredlist.org/documents/RedListGuidelines.pdf [accessed 10 February 2020].
2
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2.2. Study area
The project team surveyed three isolated natural woodlands
formed by Populus pruinosa in the Ili district of the Almaty
region of southeastern Kazakhstan (Figure 1). All plots
were located on the first terrace of the right bank of the
middle part of the Ili River. The area varied from 0.4 to 4.5
ha. In all three plots, the main forest-forming tree species
was Populus pruinosa. Plot 1 was located at 44°11′N and
76°54′E, at an elevation of 435 m; plot 2, at 44°09′N and
76°57′E, at an elevation of 433 m; and plot 3, at 44°15′N
and 76°50′E, at an elevation of 431 m.
The climate of the study area was dry continental. The
mean temperature of January was −10 to −15 °C, and of
July, 24 to 26 °C. The growing season was characterized
by high temperatures, low rainfall, low humidity, and
strong evaporation from the soil surface. The growing
season lasted 200−210 days. Soils were alluvial Tugai
with a developed profile, meadow, boggy, or transitional
(meadowbog, bogmeadow), as well as their drying and
dried variants and halophytic varieties (Ogar, 2003).
2.3. Data collection
The field studies lasted for 5 years (2015−2019). In total,
eight field trips were made from April 9 to June 11.
Detailed studies were carried out using the sampling
plot method (Ponyatovskaya, 1964). The size of the plots
depended on the location and area of the forests. In the
lowland areas, the sizes of the trial plots were 20 × 20
m; in riverbed sections, coastal slopes, and in dry river
channels, 5 × 10 m, and sometimes 5 × 5 m. Ten sampling
plots were surveyed in detail. Since the main goal of the
present study was to determine the floristic composition
of plant communities, the only recorded characteristics of
the tree layer were the relative density of a stand and the
level of natural regeneration of the tree species. On each
sampling plot, the total projective cover was determined,
and the floristic composition was studied. For each
species, including shrubs, plant height, phenological
phase, character of distribution, and abundance of species
were recorded.
The abundance of plant species was evaluated on the
Drude scale (Drude, 1913), which uses the following
symbols: soc (sociales)—dominant species, percentage of
coverage is 90–100%; cop3 (copiosae3)—very abundant,
percentage of coverage is 75–90%; cop2 (copiosae2)—
abundant, percentage of coverage is 50–75%; cop1
(copiosae1)—quite abundant, percentage of coverage is 25–
50%; sp.–cop1 (copiosae1–sparsae)—relatively abundant,
percentage of coverage is 15–25%; sp. (sparsae)—sparse,
percentage of coverage is 5–15%; sol–sp. (solitariae–
sparsae)—low abundance, percentage of coverage is 1–5%;
sol. (solitariae)—solitary, percentage of coverage is less
than 1%; un (unicum)—a single individual. The Drude
3

scale was used to enable comparison of the obtained data
with data available from other regions of Kazakhstan.
Each sampling plot was surveyed several times, in
different years and seasons. After each visit, appropriate
records were updated to reflect changes in species
composition, phenology, abundance, and the appearance
or disappearance of some annual species. To clarify the
taxonomic affiliation of individual species, herbaria (about
100 sheets) were collected.
The identification of plant species was carried out
according to the Flora of Kazakhstan (Pavlov, 1956–1966),
and the Key to Plants of Central Asia (Kovalevskaya et al.,
1968–1993). The taxonomic treatment was based on the
International Plant Names Index3. For some species, along
with the name provided by the International Plant Names
Index3, a synonym was provided according to Abdulina
(1999). The assignment of species to a category of rarity
was made according to The Red Book of Kazakhstan
(2014). Species were classified as relicts according to
Bykov’s (1979) work on the origin and ancient core of
Kazakh desert flora.
Floristic similarity was measured by the index of biotic
dispersion (IBD) (Koch, 1957).
The distribution of species by habitat type was in
accordance with the classification of V.P. Goloskokov
(1984), by life forms, following I.G. Serebryakov (1962),
and by economic importance, in accordance with the Flora
of Kazakhstan (Pavlov, 19561966) and the Wild-Growing
Useful Plants of Russia (Budantsev and Lesnovskaya,
2001).
3. Results
In the first plot, the project team identified four plant
communities with a total area of 4.5 ha. The communities
were identified based on the moisture availability and
topography (Figure 2).
The vegetation along the bank of the Ili River formed
a 4 to 10 m wide line (Figure 2: plant community 1) with
the following species present: Populus pruinosa, Tamarix
ramosissima, Salix songarica, Phragmites australis, and
Calamagrostis dubia. The relative density of a stand was up
to 0.7. Tamarix ramosissima was present in the understory.
In total, eight species of plants were recorded, of which four
were herbs. The total projective cover of the herbaceous
layer was 70–80%.
On a slope with a steepness of up to 30° and a width of
up to 6 m (Figure 2: plant community 2), the vegetation
was dominated by Populus pruinosa and Artemisia
serotina. In total, 17 plant species were identified. In
the understory, Rosa beggeriana was the most common
species. A characteristic feature of the upper part of the
slope was the presence of desert mosses from the genus

International Plant Names Index (IPNI) (2020). Website http://www.ipni.org [accessed 14 March 2020].

167

STIKHAREVA et al. / Turk J Agric For

Figure 1. Locations of the plots of P. pruinosa under study.

Tortula; the moss species were found growing in clusters
with a projective cover of 10–40%. A common Tugai forest
climber, Clematis orientalis, was commonly found on
shrubs. The total projective cover of the herbaceous layer
was up to 40–50%.
A 6–8 m wide dry valley of a seasonal channel of the
Ili River (Figure 2: plant community 4) was occupied by
the plant community with Populus pruinosa, Tamarix

168

ramosissima, Elytrigia repens, Phragmites australis, and
Carex diluta. The total number of species was 11, and the
projective cover of the herbaceous layer was 40–50%. At
this site, natural regeneration of Populus pruinosa in the
form of root offshoots with a maximum height of 130
cm and an average height of 50 cm was found. The age
of the majority (approximately 60%) of the young plants
was 3–4 years. This area was regularly flooded in spring.

STIKHAREVA et al. / Turk J Agric For

Figure 2. The locations of the plant communities of the 1st plot.

The presence of the undergrowth of the main tree species
was likely due to a sufficient level of soil moisture and low
human impact.
The largest part of the plot in the flat part of the
area, which had a width of up to 40 m (Figure 2: plant
community 3) was occupied by a forest stand with Populus
pruinosa, Artemisia serotinа, Artemisia scoparia, Carex
pachystylis, Anisantha tectorum, Eremopyrum orientale,
and Ceratocephalus testiculatus. The canopy layer was
formed mainly by Populus pruinosa; Elaeagnus angustifolia
and Salix songarica were found in small quantities. The
relative density of a stand was up to 0.4–0.5. The total
projective cover of the herbaceous layer was 80–85%. In
total, 35 plant species were present, which was two to four
times more than in the first two plant communities. This
indicated a higher degree of stability of plant community 3
compared to the other plant communities.
In total, 48 plant species were identified in the first
plot (Table 1). The tree canopy was formed by Populus
pruinosa in association with Elaeagnus angustifolia and
Salix songarica. The understory was formed by shrubs
typical of Tugai ecosystems: Tamarix ramosissima, Berberis
iliensis, Rosa beggeriana, Rosa silverhielmii, and Lycium
dasystemum. In total, the team recorded 39 herbaceous
species. The following perennial grasses were common:
Artemisia serotina (semishrub), Calamagrostis dubia,
and Poa bulbosa; annual grasses were dominated by
Ceratocephalus testiculatus. In some areas, desert mosses
from the genus Tortula were present. Two species of shrubs
(Berberis iliensis and Rosa silverhielmii) endemic to the
Southern Balkhash region were recorded. Among these,
Berberis iliensis is listed in The Red Book of Kazakhstan
(2014) as a rare species with a decreasing distribution.
The second plot was also located on the riverbed
terrace of the Ili River and occupied an area of 0.4 ha.
The vegetation cover was formed by 51 species including
Populus pruinosa, Tamarix ramosissima, Apera interrupta,
Aeluropus littoralis, Eremopyrum bonaepartis, Poa bulbosa,
and Cannabis ruderalis. The tree layer consisted of Populus
pruinosa. Single plants of Populus diversifolia were found

on the edge of the grove near the Ili River. The relative
density of a stand was 0.3–0.4. There were multistem trees.
Natural regeneration was absent. Tamarix ramosissima,
Halimodendron halodendron, and Nitraria schoberi were
fairly abundant (sp.–cop1) in the understory. The total
projective cover of the herbaceous layer was 50–60%.
Among grasses, the desert annual Apera interrupta and
two perennial species, Aeluropus littoralis and Poa bulbosa,
dominated. An endemic species Rosa silverhielmii was
present. The team observed damage to most palatable
grasses, as a result of moderate cattle grazing.
The third plot with a total area of 2.2 ha was located in
the Malaysary Pass area (Figure 3). The plot occupied not
only the flat area of the site, but also partially rose along
the slopes of the surrounding clay hills.
The vegetation cover was formed by Populus pruinosa,
Artemisia serotina, Artemisia turanica, Eremopyrum
triticeum, Poa bulbosa, Ceratocephalus testiculatus, and
Asperugo procumbens. In total, 47 plant species were
present including 44 herbaceous species. The tree layer
was formed by Populus pruinosa with the average relative
density of a stand of 0.3, sometimes up to 0.5. There were
multistem trees, and natural regeneration was absent. On
the edge of the sampling plot, in the understory, single
plants of Halimodendron halodendron and Tamarix
ramosissima were noticed; they had been badly damaged
by cattle. The total projective cover of the herbaceous layer
varied considerably, from its almost complete absence
(under the canopy) to 95–100%; on average it was 50–60%.
The herbaceous layer was dominated by Eremopyrum
triticeum and Poa bulbosa, as well as by representatives of
the genus Artemisia. Two species (Prangos arenaria and
Tulipa behmiana) were endemic to Southern Pre-Balkhash.
The index of biotic dispersion (IBD) of all three plots
studied was 24% (Table 2). Similar values (from 22% to
25%) were also obtained by the pairwise comparison of
the plant communities studied. In addition to the main
tree species (Populus pruinosa), Artemisia serotina, and
Tamarix ramosissima were common in all three plots.
This indicates a weak floristic homogeneity of the turanga
forests studied. When the IBD was compared between the
plant communities in plot 1, the following results were
obtained: while the total IBD for four plant communities
was 16, varying from 7.5 to 36.0 in pairwise comparison
(Table 3).
Thus, plant communities 1 and 4 had the most similar
floristic composition, because they were located in similar
environmental conditions, in the wettest part of the river
floodplain and the dry bed of the temporary channel.
These woodland fragments had the youngest stands of
Populus pruinosa with natural regeneration.
In summary, the flora in the three plots studied
comprised of 98 plant species from 82 genera and 34
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Table 1. List of species recorded in the plant communities associated with P. pruinosa from the middle part of the Ili River valley.
No.
o/n

Species

Plant families

Biomorpha

1

Acanthium onopordon Gueldenst.
(Onopordon acanthium L.)

Asteraceae

2

Achnatherum splendens (Trin.) Nevski

3
4

Abundance (by Drude)
Site 1

Site 2

Site 3

biennial

-

sol

-

Poaceae

perennial

un

-

-

Aegilops cylindrica Host

Poaceae

annual

-

sol

-

Aegilops tauschii Coss.

Poaceae

annual

-

-

sol

5

Aeluropus littoralis (Gouan) Parl.

Poaceae

perennial

sol (gr)

sp (gr)

-

6

Agropyron desertorum (Fisch. ex Link) Dorn

Poaceae

perennial

sol

sol

-

7

Alhagi pseudalhagi Desv.

Leguminosae

perennial

-

sol

-

8

Allium caesium Schrenk

Alliaceae

perennial

sol (gr)

-

-

9

Allium decipiens Fisch.

Alliaceae

perennial

sol (gr)

-

-

10

Alyssum desertorum Stapf

Brassicaceae

annual

sp - sol

-

sol - sp

11

Alyssum stenostachyum Botsch. & Vved.

Brassicaceae

annual

-

sol

sol

12

Amaranthus blitoides S.Watson

Amaranthaceae

annual

-

un - sol

-

13

Androsace maxima L.

Primulaceae

annual

-

sol

-

14

Anisantha tectorum (L.) Nevski

Poaceae

annual

sol - sp (gr)

sp

-

15

Apera interrupta (L.) P. Beauv.

Poaceae

annual

-

sp - cop1 sol

16

Arabidopsis thaliana (L.) Heynh.

Brassicaceae

annual

-

-

sol- sp

17

Arenaria leptoclados Guss.

Caryophyllaceae

annual

-

sol

-

18

Artemisia scoparia Waldst. & Kit.

Asteraceae

annual or biennial sol

sol

-

19

Artemisia serotina Bunge

Asteraceae

subshrub

from sp to cop1
sol
- sp

sp

20

Artemisia turanica Krasch.

Asteraceae

subshrub

-

sol

sp

21

Asparagus neglectus Kar. & Kir.

Asparagaceae

perennial

un

sol

-

22

Asperugo procumbens L.

Boraginaceae

annual

un

-

sp

23

Atraphaxis compacta Ledeb.

Polygonaceae

subshrub

-

un

-

24

Atriplex tatarica L.

Chenopodiaceae

annual

-

-

un

25

Berberis iliensis Popov *, **

Berberidaceae

shrub

un - sol

-

-

26

Bromus squarrosus L.

Poaceae

annual

-

sp

-

27

Calamagrostis dubia Bunge

Poaceae

perennial

sop1 - sol

sol - sp

-

28

Camelina microcarpa Andrz. ex DC.

Brassicaceae

annual

-

un

un - sol

29

Cannabis ruderalis Janisch.

Cannabaceae

annual

sol - sp (gr)

sp (gr)

-

30

Carex diluta M. Bieb.

Cyperaceae

perennial

sol (gr)

-

-

31

Carex pachystylis J. Gay

Cyperaceae

perennial

sol - sp (gr)

-

-

32

Centaurea pulchella Ledeb. (Hyalea pulchella
(Ledeb.) K. Koch)

Asteraceae

annual

-

sol

sol

33

Ranunculus testiculatus Crantz (Ceratocephalus
testiculatus (Crantz) Roth))

Ranunculaceae

annual

from sol to sol sp (gr), in 2019 - to cop3

sp

34

Chenopodium album L.

Chenopodiaceae

annual

-

sol

-

35

Chorispora tenella DC.

Brassicaceae

annual

-

-

sol

36

Clematis orientalis L.

Ranunculaceae

liana

sol

-

-
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Table 1. (Conüinued).
37

Cousinia tenella Fisch. & C. A. Mey.

Asteraceae

annual

-

sol

sol

38

Cynanchum sibiricum Willd.

Asclepiadaceae

perennial

un

un

-

39

Descurainia sophia (L.) Prantl

Brassicaceae

annual

sol

sol

sol

40

Diarthron vesiculosum (Fisch. & C. A. Mey. ex
Kar. & Kir.) C. A. Mey.

Thymelaeaceae

annual

-

sol

-

41

Dodartia orientalis L.

Scrophulariaceae

perennial

-

sp - sol

-

42

Elaeagnus angustifolia L.

Elaeagnaceae

tree

sol

-

-

43

Elytrigia repens (L.) Nevski

Poaceae

perennial

sol - sp (gr)

-

-

44

Ephedra lomatolepis Schrenk ***

Ephedraceae

subshrub

sol (gr)

-

-

45

Eremopyrum bonaepartis (Spreng.) Nevski

Poaceae

annual

-

sp

-

46

Eremopyrum orientale (L.) Jaub. & Spach

Poaceae

annual

sol - sp

-

sp - sol

47

Eremopyrum triticeum (Gaertn.) Nevski

Poaceae

annual

-

-

cop 1

48

Euphorbia jaxartica Prokh.

Euphorbiaceae

perennial

-

un

-

49

Ferula ovina Boiss.

Apiaceae

perennial

un

-

-

50

Gagea bulbifera Salisb.

Liliaceae

perennial

un - sol

-

sol

51

G. setifolia Baker ex Aitch. (G. iliensis Popov)

Liliaceae

perennial

-

-

un

52

Galatella fastigiiformis Novopokr.

Asteraceae

perennial

sol

sol

-

53

Galium aparine L.

Rubiaceae

annual

from sol to sp
- sol
(gr in places)

-

-

54

Gypsophila perfoliata L.

Caryophyllaceae

perennial

sol

-

-

55

Halimodendron halodendron Voss

Leguminosae

shrub

-

sol

un

56

Haplophyllum perforatum Kar. & Kir.

Rutaceae

perennial

-

un

un

57

Heterocaryum rigidum A. DC.

Boraginaceae

annual

-

-

58

Holosteum polygamum K. Koch

Caryophyllaceae

annual

sol

-

59

Hypecoum parviflorum Kar. & Kir.

Papaveraceae

annual

-

-

sol
sol - sp
(gr)
sol

60

Iris sogdiana Bunge

Iridaceae

perennial

un

un

-

61

Krascheninnikovia ceratoides (L.) Gueldenst.

Chenopodiaceae

subshrub

un - sol

sol

-

62

Lappula semiglabra (Ledeb.) Gürke

Boraginaceae

annual

-

sol

sol

63

Lepidium perfoliatum L.

Brassicaceae

one-biennial

-

-

sol

64

Lycium dasystemum Pojark.

Solanaceae

shrub

un

-

-

65

Malcolmia trichocarpa Boiss. ex Baker

Brassicaceae

annual

sol

sol

sol - sp

66

M. africana (L.) W. T. Aiton

Brassicaceae

annual

-

sol - sp

sol

67

Marrubium alternidens Rech. f. (Marrubium
anisodon K. Koch)

Lamiaceae

perennial

-

sol

-

68

Meniocus linifolius DC.

Brassicaceae

annual

from sol to
sol - sp

sol

sol

69

Nitraria schoberi L. ***

Zygophyllaceae

shrub

-

sol

-

70

Nonea caspica G. Don

Boraginaceae

annual

un

-

un

71

Oedibasis apiculata Koso-Pol.

Apiaceae

perennial

-

-

sol

72

Papaver pavoninum C. A. Mey.

Papaveraceae

annual

-

un

sol - gr

73

Poa bulbosa L.

Poaceae

perennial

from sol to sp
to cop3

sp (gr)

sp - cop1
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Table 1. (Conüinued).
74

Phragmites australis (Cav.) Steud.

Poaceae

perennial

from un - sol
to sol

-

-

75

Polygonum aviculare L.

Polygonaceae

annual

-

-

sol

76

Polygonum patulum M. Bieb.

Polygonaceae

annual

-

sol - sp

-

77

Populus diversifolia Schrenk ***

Salicaceae

tree

-

un

-

78

Populus pruinosa Schrenk **, ***

Salicaceae

tree

sp - cop1

sp - cop1 sp

79

Prangos arenaria (Schischk.) Pimenov & V. N.
Tikhom. *

Apiaceae

perennial

-

-

un

80

Rochelia retorta (Pall.) Lipsky

Boraginaceae

annual

-

-

sol - un

81

Rosa beggeriana Schrenk

Rosaceae

shrub

sol

-

-

82

Rosa silverhielmii Schrenk *

Rosaceae

shrub

from un to sol sol

-

83

Salix songarica Andersson

Salicaceae

tree

un

-

-

84

Salsola paulsenii Litv.

Chenopodiaceae

annual

un

-

-

85

Stipa caspia K. Koch

Poaceae

perennial

-

-

un - sol

sp - cop1 un

86

Tamarix ramosissima Ledeb. ***

Tamaricace

shrub

from un to sp
- sol

87

Taraxacum glaucanthum DC.

Asteraceae

perennial

sol

-

sol

88

Tragopogon ruber S. G. Gmel.

Asteraceae

perennial

-

un

-

89

Trigonella arcuata C. A. Mey.

Leguminosae

annual

sol

-

sol

90

Trigonella orthoceras Kar. & Kir.

Leguminosae

annual

-

-

sol

91

Tulipa behmiana Regel *, ***

Liliaceae

perennial

-

-

sol

92

Tulipa buhseana Boiss.

Liliaceae

perennial

un

-

un

93

Tulipa kolpakowskiana Regel **

Liliaceae

perennial

-

-

un

94

Veronica campylopoda Boiss.

Scrophulariaceae

annual

-

sol

-

95

Vexibia alopecuroides (L.) W. A. Weber

Leguminosae

perennial

-

-

un

96

Xanthium strumarium L.

Asteraceae

annual

un

sol - un

-

97

Ziziphora tenuior L.

Lamiaceae

annual

-

sol

-

98

Zygophyllum brachypterum Kar. & Kir.

Zygophyllaceae

perennial

-

-

un

48

51

47

Total
Note: *endemic, **in the Red Data Book of Kazakhstan, ***relict
soc – dominant species, percentage of coverage is 90–100%;
cop3 – very abundant, percentage of coverage is 75–90%;
cop2 – abundant, percentage of coverage is 50–75%;
cop1 – quite abundant, percentage of coverage is 25–50%;
sp.–cop1 – relatively abundant, percentage of coverage is 15–25%;
sp. – sparse, percentage of coverage is 5–15%;
sol–sp. – low abundance, percentage of coverage is 1–5%;
sol. – solitary, percentage of coverage is less than 1%;
un – a single individual.

families. The first ten families were represented by 64
species, or 65.3% of the total number of species. The
families Poaceae, Brassicaceae, and Asteraceae were
represented by the largest numbers of species: 16, 10,
and 10, respectively (Figure 4). Thirty-one families were
represented by one to five species, with almost half of the
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families represented by one species. The genera Artemisia,
Eremopyrum, and Tulipa were represented by the largest
number of species, three each.
Biomorphological analysis of the flora (Figure 5)
showed that trees were represented by four species; shrubs,
by seven species; semishrubs, by five species; climbers, by
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Table 2. The index of biotic dispersion (IBD) between the three
plots studied.
No. plot

2

3

1

25.0

22.0

2

-

22.0

Table 3. The index of biotic dispersion (IBD) between plant
communities of plot 1.

Figure 3. A general view of P. pruinosa woodland near the
Malaysary Pass.

one species; and the rest were herbs, among which annuals
(44 species) prevailed over perennials (34 species).
The distribution of species by habitat type showed that
the core of the flora of the turanga woodlands studied was
formed by species of the following types: the Turanian (e.g.,
Agropyron desertorum, Ephedra lomatolepis, Elaeagnus
angustifolia, Tulipa buhseana, Taraxacum glaucanthum,
and Cousinia tenella), Turano-Iranian (e.g., Populus
pruinosa, Lappula semiglabra, and Artemisia turanica),
Mongolo-Turano-Iranian (e.g., Populus diversifolia,
Halimodendron halodendron, and Tamarix ramosissima),
and Turano-Mongolian (e.g., Cynanchum sibiricum). In
general, the species from these types of habitats accounted
for approximately 25% of the total number of all recorded
species. The distribution range of these habitats covers
the Iranian highlands, foothill plains of the mountains of
Central Asia, and the deserts of the Turan lowland and
Central Asia.
In addition, there were species of the MountainCentral Asian group. Species of the Mountain-Central
Asian-Iranian type, such as Diarthron vesiculosum,
Holosteum polygonatum, and Rochelia retorta, as well as
of the Mountain-Central Asian Central-Kazakhstan type,
such as Allium cаesium, Artemisia serotina, Iris sogdiana,
and Asparagus neglectus, were among them. In some
plant communities, Artemisia serotina dominated the
herbaceous layer.
At the same time, wide-range Palaearctic species
distributed both in Europe and Asia, such as Alyssum
desertorum, Artemisia scoparia, and Calamagrostis
dubia, were present; many weeds (e.g., Amaranthus
blitoides, Asperugo procumbens, Chenopodium album, and
Acanthium onopordon) were among them.
The vegetation cover of the plant communities studied
contained a significant number of economically valuable

No. plant community

2

3

4

1

32.0

7.5

36.0

2

-

30.0

33.0

3

-

-

9.5

species. Their quantitative distribution is presented in
Figure 6. The most numerous groups of useful plants were
fodder (22 species) and medicinal (10 species) plants.
Thirtyone species, i.e. 31.6% of the total, were weedy plants.
It should be emphasized that some of the endemic plants
of great scientific and practical interest were present in the
Southern Balkhash region, including Berberis iliensis, Rosa
silverhielmii, Prangos arenaria, and Tulipa behmiana.
A large number of ephemerals (annual species of the
families Poaceae and Brassicaceae) and ephemeroids (e.g.,
Poa bulbosa, representatives of the genera Tulipa, Gagea)
were recorded, which are typical for the desert habitats.
Six species (Populus pruinosa (Figure 7a), Populus
diversifolia (Figure 7b), Ephedra lomatolepis, Nitraria
schoberi, Tamarix ramosissima, Tulipa behmiana (Figure
7e)) are relicts. Three species (Tulipa kolpakowskiana
(Figure 7d), Berberis iliensis (Figure 7c), and Populus
pruinosa) were listed in The Red Book of Kazakhstan
(2014) and required special conservation measures.
The appearance of halophytes Nitraria schoberi and
Lycium dasistemum, as well as a weedy annual herb
Artemisia scoparia in the studied communities is evidence
of the progressing desertification (Ogar, 2003).
4. Discussion
In the available literature, there are is no data on the
current state of the natural forest stands of Populus
pruinosa in Kazakhstan. Since this is the northern limit
of the species’ distribution range, the data obtained over
the course of the present study could be of great scientific
value. The data on the floristic composition of plant
communities associated with this rare relict species is also
limited and concern only the dominant species. Some
fragmentary data are available only for the 1950–1980s
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Figure 4. Species distribution of all plant communities studied,
by family.

(Chaban, 1961; Voskresenskiy, 1968; Besschetnov and
Grudzinskaya, 1981; Biryukov, 1982). Thus, the present
study not only updated previous observations, but also
made a substantial contribution to the understanding of
species diversity of the natural plant communities formed
by Populus pruinosa in Kazakhstan. As early as the 1960s,
it was noted that Tugai forests, including Populus pruinosa
stands, fell into decay and required urgent restoration
measures due to poor management, haphazard cattle
herding, and frequent fires. The present study confirmed
that this remains a continuing trend.
Of considerable scientific interest is the comparison
of our data with the available literature on the turanga
flora from other geographic areas. The most complete
information about turanga sparse forests of the lower
reaches of the Ili River has been provided by Bykov (1962).
The author investigated the area between the mouth of the
left tributary Charyn and the Dubunskaya marina, where,
as we mentioned above, seven turanga communities
were described in detail; four of them were associated
with Populus pruinosa, and the other three, with Populus
diversifolia. They were located in the floodplain terrace of
the river and were confined to the dune-like sands of the
floodplain or to the salt marshes adjacent to it. The closest
floristic composition to that of the communities studied
had the community: Populus pruinosa – Phragmites
communis – Aeluropus littoralis. A stand of Populus
pruinosa resembled a savannah landscape. Among shrubs,
Tamarix ramosissima was most abundant; Berberis iliensis
and Lycium dasystemum were also present. The herbaceous
layer was dominated by Phragmites communis, interrupted
by spots of Aeluropus littoralis.
Other communities, described by Bykov (1962), were
located on sandy soils far from the floodplain. They were
dominated by Haloxylon aphyllum and many other desert
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Figure 5. The biomorphological composition of the flora of all
plant communities studied.

Figure 6. Species distribution of the plant communities studied,
according to the main economically important groups of plants.

shrubs; many grasses and psammophytic plants were
recorded in the herbaceous layer. It is not appropriate to
compare this data with our materials due to significant
differences in growing conditions.
The formation of the Populus pruinosa trees reveals its
characteristic features i.e. rarified position of the trees, a
grassy cover, and a considerable branching of shrubs. This
fact permits to ascribe the formation to a depleted type of
Asiatic savannahs (Bykov, 1962).
When the data on the plant communities studied
by the present project were compared with those of
B.A. Bykov (1962), it became clear that, while species
composition was similar in terms of the quality indicators,
there were differences in quantitative characteristics. In the
plant communities studied by the project team, Populus
pruinosa was also dominant. The tree cover was rather
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a - Populus pruinosa

b - Populus diversifolia

c - Berberis iliensis

d - Tulipa kolpakowskiana

e - Tulipa behmiana

Figure 7. Some endemic and relict species from plant communities with the participation of Populus pruinosa. a - Populus pruinosa,
b - Populus diversifolia, c - Berberis iliensis, d - Tulipa kolpakowskiana, e - Tulipa behmiana.
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sparse, with the relative density of a stand of up to 0.5,
i.e. low-density forest stands prevailed. In the understory,
Tamarix ramosissima wasoccasionally abundant, while
Lycium dasystemum and Berberis iliensis were represented
by single individuals. In the herbaceous layer, Aeluropus
littoralis was not abundant (sp–sol, spots); of reed plants,
only Phragmites australis was present. The IBD calculated
between this community and those studied in this project
did not exceed 5%, i.e. these were completely different
plant communities. In total, B.A. Bykov reported 41
species of plants in all seven communities associated with
Populus pruinosa in the Ili River valley.
From 1970 to1981, Besschetnov and Grudzinskaya
(1981) conducted surveys of various types of turanga forest
in Southern Kazakhstan. Five Populus pruinosa stands
along the Ili River were described. Of particular interest
to the present study was the stand in the vicinity of the
Malaysary Mountains, because sampling plot 3 was located
there. According to Besschetnov and Grudzinskaya (1981),
“the forest stand was formed by 25–30 year old trees of
Populus pruinosa. Young trees grew densely, the canopy
was closed. The understory was weakly represented.” The
herbaceous layer was formed by Climatoptera lanata,
Salsola pestifer, and Krascheninnikovia ceratoides.
When comparing the results of the present study
concerning the floristic composition of the plant
community in plot 3 with the data of Besschetnov and
Grudzinskaya (1981) regarding the Populus pruinosa stand
in the vicinity of Mount Malaysary, it is now clear that the
dominant species of the herbaceous layer has changed.
The formerly dominant species (Climatoptera lanata,
Salsola pestifer, and Krascheninnikovia ceratoides) have
disappeared. The project observed no natural regeneration
of the main tree species, and the formerly dense stand with
a closed canopy acquired the appearance of a savannahtype biome.
When comparing the data obtained by the present
project on the ranking of flora by family with the results
of Nesterova et al. (2012) obtained for the deserts of the
Ile-Balkhash region, the order of families by the number
of species recorded was different. In the case of the present
project, the families Poaceae and Brassicaceae, represented
by a relatively large number of weedy plants, are at the
top of the list. The family Chenopodiaceae, which is
commonly found in desert regions and comprises most
of the defecators of desert habitats, was represented by
four species and occupied only the seventh place. This
can be explained by the growing conditions of the plant
communities studied. They occupied riverbed sections of
the river valley, and not typically desert territories.
In addition to Kazakhstan, there is information
about the state of forests formed by Populus pruinosa
in Uzbekistan, Tajikistan, and Northwestern China.
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In Uzbekistan, Populus pruinosa, Populus diversifolia,
some species from the genus Salix, and Elaeagnus
angustifolia are the main forest-forming species of Tugai
forests. Companion species include Tamarix pentandra,
Glycyrrhiza glabra, Phragmites australis, Salsola dendroides,
and Clematis orientalis (Talipov, 2013). In Zaravshan State
Natural Reserve, the most common trees were poplars
(Populus pruinosa and Populus diversifolia) and willows
(Salix wilhelmsiana MB. and Salix songarica Andersson).
Of the shrubs, mainly Halimodendron halodendron Voss
was recorded. However, recent studies demonstrated
that in the desert zone of the Zarafshan River, all species
of poplars and described Tugai forest had completely
disappeared. They had been replaced by perennial grasses,
such as Erianthus ravennae L., Phragmitis communis L.,
Glycyrrhiza glabra L., and Alhagi pseudalhagi (M. Bieb.)
Desv. ex B. Keller & Shap. with single individuals of
Elaeagnus orientalis L. and representatives of the genus
Tamarix (Khaydarov et al., 2014). In Tajikistan, Populus
pruinosa is also one of the species in Tugai ecosystems along
with Elaeagnus angustifolia, Lycium dasystemum, Typha
angustifolia, Imperata cylindrical, Phragmites communis,
Saccharum spontaneum, Tamarix hispida, Juncus
articulatus and others. In this country, Populus pruinosa
is listed as an endangered species in terms of conservation
of forest genetic resources (Kurbоnov and Saidov, 2013).
A small amount of companion herbaceous or shrub
plants, such as Glycyrrhiza glabra L., Populus australis
Ten. and representatives of the genus Tamarix, have been
observed in a natural Populus pruinosa woodland along
the riverbank of Tarim River (Xinjiang, Northwest China)
(Zheng et al., 2016). Populus pruinosa is also listed as a rare
species in need of protection in Xinjiang (Yin, 2006).
5. Conclusion
In the middle part of the Ili River valley, the floristic
composition of three natural isolated coastal woodlands
formed by Populus pruinosa was studied in detail. In total,
98 plant species belonging to 82 genera and 34 families were
recorded. The most species-rich families were Poaceae (16
species), Brassicaceae, and Asteraceae (10 species each).
The results of the present study contributed to the
available data on the floristic composition of plant
communities in Populus pruinosa woodlands.
In all plant communities, Populus pruinosa dominated
the tree layer; the abundance of other tree species (Elaeagnus
angustifolia, Salix songarica, and Populus diversifolia) was
low or they were represented by single individuals. In
wetter areas which were also less susceptible to human
presence, natural regeneration of Populus pruinosa in the
form of root offsprings was recorded. The shrub layer was
sparse and species-poor (the most common species was
Tamarix ramosissima); therefore, it was of low ecological
significance.
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The herbaceous layer was dominated by ephemerals and
ephemeroids, sages (the most abundant species was Artemisia
serotina), and perennial grasses, such as Calamagrostis dubia.
The presence of species endemic to South Pre-Balkhash was
noticeable, including Berberis iliensis, Tulipa behmiana, Rosa
silverhielmii, and Prangos arenaria, as well as some rare Red
Book-listed species (Populus pruinosa, endemic Berberis
iliensis, and Tulipa kolpakowskiana).
A significant number of economically valuable species
were present in the flora of the examined communities, which
reflects the practical importance of the forests under study.
A significant number of weeds indicated a high level of
human presence. The greatest threat came from unsystematic
cattle grazing, resulting in substantial damage to shrubs and
herbs, as well as the lack of natural regeneration of Populus
pruinosa.
The main factors influencing the floristic diversity of the
studied communities are changes in hydrological conditions
(spring flooding), which are most pronounced in plant
community 1 of the first plot; increasing anthropogenic
pressure (grazing, recreation, etc.), which results in a high
proportion of weedy species characteristic of all plant
communities studied; and further desertification of the
territory, which is manifested by the appearance of halophytic
and some weedy species. At the same time, the last two factors
have a negative effect on the state of the dominant tree species
Populus pruinosa, since the absence of natural regeneration of

this species leads to a reduction or disappearance of some of
its populations.
Given the status of Populus pruinosa (a rare species
with declining numbers), its ecological significance, the
environmental instability and progressing desertification of
the habitats due to changes in the hydrological regime in the
Ili River floodplain, and the complexity of the processes of
natural and artificial regeneration, it is necessary to continue
the study of all surviving stands of this species, also in
dynamics, in order to develop measures for their conservation
and restoration.
The obtained data on the floristic composition of plant
communities can be used as a basis for assessing how and
what changes occur in the structure of vegetation under
natural and anthropogenic pressure in space and time. In
order to develop measures for the conservation of coastal
plant communities of Populus pruinosa, it is necessary to
conduct detailed surveys of the floristic composition at least
once every 5 years.
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